The Saccharomyces cerevisiae killer toxin KT 28, which inhibits sensitive yeasts, was shown to have no effect on several pathogenic fungi or on the protozoan Trichomonas vaginalis. At concentrations of about 0.1 mg/ml, a partial inhibition of the skin pathogenic fungi Trichophyton rubrum and Microsporum canis was observed at pH 6.5. No Killer toxins of yeasts are not active against bacteria. They mainly act against strains of the genus Saccharomyces. However, Middelbeek et al. (7) have found killer toxinsensitive strains among several genera and in Candida albicans. Therefore, there is the possibility that killer toxins might be useful against infections caused by pathogenic fungi. Until now there was no information available about whether killer toxins of yeasts lead to a reaction of animal cells. The lack of such investigations is due to the fact that only a few laboratories have been able to prepare significant amounts of killer toxins. Killer yeasts are rather common, and some killer toxin-producing strains are being used commercially for the fermentation of beverages (14). Therefore, killer toxins are likely to be present in fermented beverages.
toxin KT 28 of Saccharomyces cerevisiae, are comparatively more stable (9) . The killer toxin type K1 of S. cerevisiae is first adsorbed by receptors of the cell wall; then, in a second step, the membrane is affected and an efflux of K+ ions, ATP, and small metabolites is observed (1, 11) .
Killer toxins of yeasts are not active against bacteria. They mainly act against strains of the genus Saccharomyces. However, Middelbeek et al. (7) have found killer toxinsensitive strains among several genera and in Candida albicans. Therefore, there is the possibility that killer toxins might be useful against infections caused by pathogenic fungi. Until now there was no information available about whether killer toxins of yeasts lead to a reaction of animal cells. The lack of such investigations is due to the fact that only a few laboratories have been able to prepare significant amounts of killer toxins. Killer yeasts are rather common, and some killer toxin-producing strains are being used commercially for the fermentation of beverages (14) . Therefore, killer toxins are likely to be present in fermented beverages.
For this paper, we investigated whether a killer toxin of S. cerevisiae is active on other eucaryotes besides yeasts and whether it shows a pharmacological reaction in standard tests of the function of animal organs and regulatory systems. For this purpose, the killer toxin KT 28 was used. It is a glycoprotein of Mr 16,000 that is comparatively stable at 40°C and shows a maximum activity between pH 5 and 6.
S method described previously (8) . About 40 mg was obtained from 40 liters of culture medium. The preparation was homogeneous after sodium dodecyl sulfate-polyacrylamide gradient gel electrophoresis (8) .
The action of the killer toxin on several fungi and on a protozoan was tested at a concentration of 0.98 to 125 ,g of KT 28 per ml with the microtitration test described by Raether et al. (12) . Trichomonas vaginalis carneri was cultivated in TTY-SB medium (3) . All media were adjusted to pH 5.0 or pH 6.5 with 0.1 M citric acid and Na2HPO4. The following inocula were used: C. albicans and A. niger, 103 cells per ml; Trichophyton rubrum, 1.6 x 105 cells per ml; M. canis, 1.6 x 105 conidia per ml. The number of Trichomonas vaginalis carneri cells was 5 x 104/ml after the inoculum. The microtitration plates were incubated for 5 days at 30°C. Results were read with a Titertek-Multiscan Photometer at 492 nm and controlled microscopically or visually to check for precipitates of the preparation.
Cardiovascular measurements were carried out by the method of Grisk (4) . Briefly, a cat was anesthetized with 40 mg of sodium pentobarbitone per kg, administered intraperitoneally. The following parameters were recorded: systolic and diastolic blood pressure, left ventricular pressure, heart rate, blood flow, respiratory rate and volume, and nervus sympathicus and nervus vagus electrical stimulation.
Influence of KT 28 on the neuromuscular transmission in the phrenic nerve diaphragm preparation of the rat, the isolated rat uterus, and the isolated guinea pig ileum was measured as described by Kuschinsky et al. (5); effects on the isolated trachea of the guinea pig were determined by the method of Castillo and de Beer (2), and the influence on the isolated vas deferens of the rat was determined by the method of Lindner (6) .
The effect of the killer toxin KT 28 (1 to 125 ,ug/ml) on the growth of several pathogenic fungi and on Trichomonas vaginalis was tested in the microtitration system. At pH 5, no effect was observed with Trichophyton mentagrophytes, Trichophyton rubrum, C. albicans, A. niger, or Trichomonas vaginalis. M. canis did not grow at this pH. At pH 6.5, a partial inhibition of the growth of Trichophyton rubrum and M. canis was observed at concentrations of 62.5 and 125 ,ug of KT 28 per ml. The other organisms were not affected.
In the cat, the cardiovascular parameters tested were not influenced by killer toxin KT 28. Furthermore, the response of the electrical stimulation of the sympathetic nerve of the neck to norepinephrine after injection of the toxin remained unchanged. Similarly, the neuromuscular transmission tested with the phrenic nerve diaphragm preparation of the Curarine, 126 65 82 45 5 x 10-7 g/ml rat was neither increased nor impaired by KT 28 ( Table 1 ). The killer toxin showed no effect on the smooth muscles of the isolated rat uterus, and the contraction caused by oxytocin was neither attenuated nor amplified by KT 28. When epinephrine (10'-M) was applied as a control, the oxytocin contraction decreased as expected.
When compared with the a-antagonistic standard substance phentolamine, KT 28 showed no effects by itself and no antagonistic effect on the norepinephrine contraction of the vas deferens of the rat.
KT 28 showed no effects on the isolated ileum of the guinea pig at a concentration of 10-6 M. The contractions caused by carbachol, histamine, or BaCl2 were not influenced (Table 2) .
KT 28 showed no 02-adrenergic effects on the isolated trachea of the guinea pig; the contractions caused by carbachol were not altered by KT 28, and the relaxation observed after addition of the standard compound isoproterenol remained unchanged.
The results of the mycological screening of KT 28 indicate that its action on pathogenic fungi is negligible. The inhibition of Trichophyton rubrum and M. canis was observed at concentrations that were at least 100 times higher than those that are required to inhibit a sensitive yeast. Probably because of the lack of specific receptors, the action of KT 28 is limited to certain sensitive yeast strains that carry these receptors. This specificity and the weak activity will prevent any attempts to use KT 28 as a therapeutic agent.
No effect at all was observed when the killer toxin KT 28 was applied to several animal systems. Even at concentra- tions that were at least 10 times higher than the concentration of KT 28 that can be expected to occur in a fermented solution, no effect was observed. Of course, the tests used included only a single exposure, and, therefore, only a possible acute action could have been observed.
Because killer toxin KT 28 does not show an effect in isolated animal systems, it is quite unlikely to cause any action when it is consumed orally. Because of its instability, it can be assumed that the killer toxin is rapidly inactivated at body temperature. Even if a killer toxin survived the action of the protease of the stomach, it would be inactivated at the elevated pH of the duodenum. Killer toxins may be introduced into beverages by the natural yeast flora or by yeast strains into which the killer character has been introduced by genetic methods to eliminate unwanted "wild" yeasts (13), but our experiments indicate that the yeast killer toxins do not deserve the frightening name that has made them so well known.
